
Bromide and Nitrate 

Transport in Agricultural Sandy Soils
A. K. Alva1, S. Paramasivam2, H. P. Collins1

K. S. Sajwan2, A. Fares3

1USDA-ARS Pacific West Area, Vegetable and Forage Crops 
Research Unit, 24106 N Bunn Rd, Prosser, WA 99350.

2Savannah State University, P O Box 20600, Savannah, GA 31404.
3University of Hawaii, 



USDA/ARS  - Prosser, WA
INTEGRATED CROPPING SYSTEMS                 

FOR IRRIGATED FARMING

Variable rate irrigation, nutrients and chemicals

Spatial variability yield monitoring

N uptake, fate and budget

Management of potatoes and rotational crops

Optimize farm profitability and environmental 
sustainability

Develop decision support system

Ashok K. Alva





Sandy soils in some parts of the Pacific Northwest (PNW) and 
southeastern agricultural regions in the United States contain 95 
to 98% sand in the soil profile  to a depth of up to 2.5 m with no 
confining soil horizons. 

The saturated hydraulic conductivities of these soils range from 
5.2 to 9.5 m d-1.  In some areas, these soils may have shallow 
groundwater, thus providing favorable conditions for leaching of
surface applied chemicals and soluble nutrients that could 
contaminate the surface waters as well as subsurface aquifers. 

INTRODUCTION
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In some parts of the intensely irrigated agricultural production 
region in eastern Washington state, there has been an increase in 
groundwater NO3-N concentration in the shallow aquifer in 
excess of 10 mg per liter, which is the maximum contaminant 
level (MCL)for drinking water quality standards, per U.S. 
Environmental Protection Agency regulations.

The Columbia Basin region in the PNW represents the premier 
potato production region of the U.S. with maximum production 
(-78 Mg/ha) of high quality processed potatoes.  Studies are in 
progress to improve nutrient and irrigation management aimed 
to minimize NO3

- transport below the root zone.

INTRODUCTION





Sandy soils provide a well aerated, deep rooting zone which is 
ideal for improved crop growth and production under optimal
management of irrigation, nutrients and other soil applied 
agrichemicals.

Increased levels of nitrate-nitrogen (NO3-N) in shallow 
groundwater are reported in sandy soil regions in the Columbia 
Basin irrigated regions in Washington and Oregon, and also in the 
citrus production regions of central Florida. 

INTRODUCTION



An improved understanding of soil characteristics that influence 
water and nutrient transport is important to the development of 
best management practices that minimize leaching losses and 
improve the uptake efficiency of nutrients by the crop plants.

Bromide has been used as a tracer to predict the transport of 
nitrate in soil.

Bromide tracer can also be used to study the lateral flow of 
groundwater.

INTRODUCTION



Field experiments were conducted in a sandy soil in Florida 
(Tavares fine sand - hyperthermic, uncoated, Typic 
Quartzipsamments) in a commercial grove with 25+ year old 
Hamlin orange trees on Cleopatra mandarin rootstock.  

Bromide was applied at a 112 kg ha-1 rate (as KBr) under the 
tree canopy area which represented wetting zone by under the 
tree sprinklers.   Various rates of N was also applied in dry 
granular form using ammonium nitrate.

Irrigation was scheduled when the soil moisture content was 
depleted to 66% of available soil moisture in the top 1.2 m depth 
soil which represents the rooting depth for mature citrus trees.

MATERIALS AND METHODS



The quantity of each irrigation was adjusted to replenish the soil 
moisture content to field capacity within the rooting depth in 
order to minimize leaching of water, and soluble nutrients and 
chemicals below the rooting depth. 

The transport of Br- and nitrate in the soil profile was 
monitored by soil sampling to 2.4 m depth at various time 
intervals after the application of Br-. 

MATERIALS AND METHODS
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Nitrogen mass balance for different 
fertilization rates as simulated by LEACHM. 

(All values are in kg/ha)

Variable

N
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In a parallel experiment using 
the similar soil series, transport of 
nitrate was evaluated in an area 
impacted by an accidental spill of 
heavy dose of N as liquid N (as 
ammonium nitrate), P, K blend 
intended to be used for fertigation.

MATERIALS AND METHODS
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Evaluation of the direction and rate of 
lateral flow of groundwater is important to 
understand the potential impact of 
pollutants from an area of its source of 
origin into adjacent areas in the direction of 
groundwater flow.

Br can be used to determine the lateral 
flow rate of groundwater.

INTRODUCTION
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A study conducted in an Entisol
showed that the lateral flow rate 
of surfacial groundwater was         
0. 08 m d –1.

RESULTS AND DISCUSSION



A leaching column experiment was 
conducted using a Quincy fine sand to 
evaluate the leaching of N from Urea or 
manure, and Br applied as KBr.    

The columns were leached with one pore 
volume of water followed by a dry period to 
mimic the intermittent wet and dry conditions 
(five wet and dry cycles) and the effects on N 
transformation leaching. 

MATERIALS AND METHODS
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Br was leached completely in the second pore 
volume regardless of amendments. The cumulative 
amount of Br leached across different treatments 
varied form 211 to 269 mg. 

Leaching of nitrate and ammonium followed a cyclic 
pattern. It appears that intermittent mineralization 
of organic N which was subject to leaching in the 
subsequent leaching event. 

Cumulative leaching of N was 704 to 733 mg from 
urea and was 572 mg from manure, despite total N 
application from the latter was twice than that from 
the former N source. 

CONCLUSIONS



Transport of Br in a field 
experiment with Candler fine sand 
was quite rapid.  All of applied Br 
(112 kg/ha) was leached from the top 
2.4 m soil within 28 to 35 DAA.

In the same soil, Nitrate_N in the top 
2.4 m attained the background levels 
within 28 and 42 DAA of 28 and 112 
kg/ha N, respectively.

CONCLUSIONS



LEACHMN predictions of Nitrate 
concentration distribution in the soil 
profile compared favorably with 
those measured in the soil.

The lateral flow rate of surfacial 
groundwater in an Entisol was 0.08 
m/day.

CONCLUSIONS


